-INTRODUCTION
Dislocations in crystals interact with various kind of particles, for example, point defects, electrons, phonons and so on, because of the structural disorder caused by them. The details of the interactions strongly reflect the structure of a dislocation.
The ultrasonic method proposed by Schwarz and Granatoll/ is a very useful one to get the information on the details of the interaction between a dislocation and a point defect. We used this method, i.e., the measurement of amplitude-dependent internal friction due to dislocation break-away £rom pinning points at low temperatures, to get the force-distance curve for the interaction between a dislocation and a single solute atom.
II -EXPERIMENTAL
Specimens are Al-100 at ppm Zn and Al-50 at ppm Zn single crystals (3.5 X 3.5 x 50 mm3 with [311] and [412] axes, respectively) made by a strain-annealing method, and annealed at 500°C for 3 h in air and slowly cooled in a furnace to room temperature before the measurement. We selected these specimens from following reasons: the desired information will be obtained by introducing a single kind of solute atom with very low concentrations, especially zinc in Al is entirely dispersed on the dislocation lines as a single atom and further inertial effect/2/ or line tension effect/3/ may not occur because of low pinning concentrations. Amplitude-dependent interna1 friction measurements were carried out by a composite oscillator method (51 kHz) at 1. Interna1 friction caused by dislocation break-away from pinning points is stress (or strain) amplitude dependent loss. Firstly we confirmed this point as shown in Fig. 1 . The strain level at which the amplitude dependence started is larger for Al-100 at ppm Zn than for Al-50 at ppm Zn, by a factor about 1.5. Here the background loss (amplitude independent loss) is explained as the interaction of acoustic wave with conduction electrons from the difference of the loss between two specimens. Thus we next measured the temperature dependence of applied strain under a constant interna1 friction in a region where the amplitude dependent loss is dominant (Fig. 2 ) .
The influence on the value of E from the change of background loss with.temperature was negligible, i.e., at most less than 2 % near 30 K for Al-50 at ppm Zn. The accu- The symbol + shows the values of E for Al-100 at ppm Zn divided by the ratio of E for Al-100 at ppm Zn to Al-50 at ppm Zn at 4.2 K.
In the case that dislocations are pinned by point defects along the dislocation segments is very high for each specimen, and furthermore the temperature dependence of E is the same for two specimens with different concentrations. This indicates the obtained curves precisely reflect the force-distance curve for the interaction between a dislocation and a single Zn solute atom.
. and the break-away starts from the pinning
point at the center of maximum double loop & in each segment, the stress (or strain) am- T ( K I coefficient of T~/~ is not strictly constant but depends on T/5/. We analyzed Our data using the formula (A-9) in their paper/5/ assuming the Cottrell expression/6/ and its parabolic approximation for the force-distance curve (Fig. 3) . We note here that the force-distance curve for the Cottrell expression is very reasonable to assume, since the apparent form is the same as those for the modulus effect (the other elastic interaction) and the electrj.ca1 interaction when -Cottrell -the dislocation moves on the glide plane. while the Cottrell expression (Uo = 0.061 eV) gives a good fitting until further higher temperature, i.e., 13 K ( € 1~~ 0.6) as seen in Fig. 4 . However , above 13 K, experimental values gradually deviate from the calculated curve for the Cottrell expression. This means the real force-distance curve differs from the Cottrell type one.
In order to overcome this problem, we considered two mechanisms, one is the effect of line tension (LTE) and the other is the effect of dislocation core structure (DCE). As well known, a dislocation has the line tension. If a dislocation loop bows out by a distance x with the applied stress 0, the line tension energy increases by cx2/1 (C: line tension, 1: loop length). Therefore, the broken-away state becomes unstable for a short double loop of dislocation at a larger (or € 1~~) than for a long one because of the line tension energy/3/. If the stress is smaller than a critical value O : , break-away can no longer take place for a double loop as stated by Granato and Lucke/5/. In such a case, break-away must occur simultaneously at two or more pinning points, and thus the higher activation energy is necessary and the decrease of E with increasing temperature becomes slower than the double-loop depinning. However, in our measurement, no difference in the temperature dependence beytween Al-100 at ppm Zn and Al-50 at ppm Zn was observed, therefore the dislocationloop length for the double-loop depinning is probably so large that LTE is negligible.
Next we consider DCE. Near the dislocation center, elastic continuum theory is not available as a usual saying. However, the DCE has not been observed in any experiments until now, at least in fcc metals. There seems to be only computer simulations as precise investigations, for instance, that by Cotterill and Doyama for edge dislocation core structure in Cu/7/. According to their results, in the dislocation core region elastic continuum theory is no more available and relaxation occurs to lower the core strain energy. For simplicity, we considered a modified Cottrell model, in which elastic continuum theory holds for the distance x larger than a critical distance xc, within which the interaction energy U or the stress field of dislocation is constant for discreteness of lattice as shown in Fig. 3 . It was found that the modified Cottrell expression can explain the obtained temperature dependence of E satisfactorily, if we select an appropriate xc (1.2 -2.0 ro) as seen Fig. 4 . Fitting goodness is gradually poorer when xc is taken smaller value than 1.2 ro. On the other hand, when xc > 1.2 ro, the goodness does not seem to change so much. However we cannot take the value of xc as much larger than xc = 1.2 r~, because if so, we overestimate the elastic interaction or the apparent Uo (see Fig. 3 ) to fit the calculated curve with experiments.
In the case we take xc = 1.2 rg, determined paramete* values are as follows. The binding energy for the modified Cottr 11 expression Uô = 0.11 eV (the apparent Uo = 0.27 eV), and xc = 1.4 8 (ro = 1.17 1). From Uo = 0.27 eV, the misfit parameter 6 (= (aAl -aZn)/aAl; a: atomic radius) is estimated as 0.06 which is reasonable. Furthermore, the estimation for the core radius rc within which elastic continuum theory Sannot hold, was made assuming l/rc = ro/(rh + x : ) , and resulted in ro being about 3 A, We note , in £cc metals, there has been no other experiment observing the dislocation core effect and getting the information on the core structure. Our study was made to get the information on a dislocation-a solute atom interaction, and furthermore obtained results show the knowledge on the dislocation core structure stated above.
